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 Gravity wave drag (GWD) is considered to play an essential role in driving the large-scale circulation of middle 
atmosphere. Thus its parameterization (GWDP) has been a standard component of climate models. Most GWDP schemes 
calculates GWD by taking only vertical propagation into account. However, a recent study indicates that the effect of 
horizontal refraction cannot be neglected, especially near the jets where there is large meridional shear of the basic zonal flow 
(Sato et al., 2009).  Moreover, it is also shown that the prediction bias in chemical climate models can be significantly 
improved by additional drag at 60°S, where there is no topographic gravity wave source in existing parameterization schemes 
(McLandress et al, 2012).  
 In this study, a new scheme for GWDP considering three dimensional propagation of gravity waves is developed. 
Wave sources are given as a zonal phase speed spectrum of pseudomomentum flux. For each wave with discretized phase 
speed, the location and the local wavenumber are calculated by integrating ray tracing equations. GWD is obtained from the 
saturation hypothesis of wave amplitude. 
 We calculated the distribution of GWD using this new scheme for the zonal mean zonal wind and temperature from 
SPARC climatology in the Southern Hemisphere in August and compared the results with a standard 1D scheme. Results are 
shown in Figure 1. The difference between the two schemes in distribution of GWDs is clear. The area where strong drag 





よる重力波の水平方向の屈折のため、波源のない緯度経度の上空にも強制が生じることになる（Sato et al., 2009）。
そのインパクトは大きく、例えば南氷洋の南緯 60°に強制を与えると現在の化学気候モデルにおけるオゾンホー
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Figure 1.  Zonal mean zonal wind (thick contour) and gravity 
wave drag (shaded). The contour interval is 20m/s and the 
shade level interval is 3m/s/day. Lines are ray paths for zonal 
phase speed of -2.5m/s . Left: 1-D model, Right: our model 
